NCERT Solutions for Class-XII Maths

Chapter-9.4

NCERT Math Class 12

1. dy _ 1—cosx
dx 1+cosx

1.  The given differential equation is:
dy I-cosx

dx 1+cosx

-2
d 2sin

N |

2 cos?

:gz[seczi—lj
dx 2

Separating the variables, we get:
dy =| sec® =1 |dx
¢ [ 2 j
Now, integrating both sides of this equation, we get:

Idy = I(seczg—lldx F jsecz %dx—jdx

:>y=2tan§—x+C

D |

This is the required general solution of the given differential equation.

2. %:,/4—y2(—2<y<2)
dy )
2. ﬁ&: 4—y2

d
> _=(dx
4—y?

1 .. X

= | ———dx =sin"'-
Vaz — x2 a
:>sin‘1§=><+c



d
3. Yy =1(y=1
dx+y (y;t )

3.  The given differential equation is:

g.}.y:

dx

=dy+ ydx =dx

=dy=(1-y)dx

Separating the variables, we get:

= lci—yy =dx

Now, integrating both sides, we get:
d

i~ fo

= log(1-y)=x+logC

= —logC—-log(1-y)=x

= logC(l-y)=—x

=C(1-y)=¢"
1

=>l-y=—¢e"
Y=¢C

= —lfie"X
g (C;

>y=1+Ae™ (whereA = —é}

This is the required general solution of the given differential equation.

sec” x tan ydx +sec’ ytan xdy =0

4. = sec’xtany dx + sec? y tanx dy
Dividing both sides by (tanx)(tany)

. sec? xtany dx sec? ytanx dy 0

tanxtany tanxtany

0

sec? x dx + sec? yady _
tanx tany -
Integrating both sides,
2 2
sec“x dx sec“ydy
= =
f tanx f tany

= lettan x =t &tany=u
~sec?x dx = dt&sec?ydy = du
ac _ _ du
t u



6.

= logt=-logu+logc
Or,
=log(tanx) = -log(tany) +log c

[

= logtanx = log

Or
= (tan x) (tany) =c¢

tany

(e" +e" )dy —(e" —-e )dx =0
The given differential equation is:
(e" +e" )dy —(e" —e )dx =0
= (e" +e " )dy = (e" —e )dx

:dyz{ex_ex}dx
e +¢

Integrating both sides of this equation, we get:
Idy=f{ex —e_x }dx+C
e +e

:y=_|‘[ex_ex}dx+c (D)

& FCgm

Let (e*+e ™) =t.
Differentiating both sides with respect to x, we get:

d (e dt
d—X(e +¢ )—dX
x_—x_dt
—=ec - =—

dt

= (e" —-e" )dx =dt
Substituting this value in equation (1), we get:
1
=|-dt+C
=Yy -[t t+
= y=log(t)+C

:>y=10g(ex +e”‘)+C

This is the required general solution of the given differential equation.

i_-‘tf=(1+x2)(1+y2)

LY )14
dx



Separating variables,

dy 5
1+y2—dx(1+x )

Integrating both sides,
dy
= f = f dx + f x2dx
1+ y?
3

:>tan‘1y:x+?+c

=

ylogydx —xdy =0
The given differential equation is:
ylogydx —xdy =0
= ylogydx —xdy

dy _dx
ylogy X
Integrating both sides, we get:
d dx
[ ol (D)
ylogy X
Letlogy =t.
d dt
..—(lo =—
dy( ey) dy
1 dt
=—=1—
y dy
1
= —dy=dt
y

Substituting this value in equation (1), we get:

dy
s
dx Y

d
sdy _ _ 5
dx y

Separating variables,
d_y _ —dx

=X

= yS x5
Or,
dy , dx _
= y_5 + X_5 =0
Integrating both sides,
dy dx
= IF + fx_s =a

Let "a" be a constant,



Or,
>-—x*t—-y*t=c
Or,
1

= i + F =C
dy =sin"' x
dx
The given differential equation is:
dy_ sin”' x

X
= dy =sin"' xdx

Integrating both sides, we get:
fdy = J-sin’1 xdx
—y= j(sin’1 X - l)dx

:yzsinlx-j(l)dx—j{(;
jy:sinlx-x—j[ lz-x}dx

&

1-x
:>y=xsin’lx+I — dx
1-x*
Let1—x*=t
-
dx dx
:>—2x——t
dx

Substituting this value in equation (1), we get:

1
|

y=xsin" X+ |—x=dt
I

Jt
1 L
— yin-!
= y=xsin X+E-J(t) 2dt

1
. 2
= y=xsin" x+—-T+C

2

..(1)



10.
10.

11.
11.

:>yzxsin‘1x+\/f+C

=y=xsin"'x+y/1-x> +C

This is the required general solution of the given differential equation.

e tan ydx + (1 —e* )sec2 ydy =0

= eXtanydx + 1(1 —eX) sec’ydy = 0
= (1 —eX)sec?ydy = —eXtany dy = 0
Separating the variables,

sec?’y _ e
tan y dy T 1-—eX dx
Now Integrating both sides,
sec?y o e¥
>y = dx
Lettany = t&1 —e* =u
Then,
(sec?ydy = dt)& (eXdx = du)
Then,
dt du
At
Or,

= logt=1logu+logc

Substituting the values of t and u on above equation.
= log(tany) = log(1 — e*) + logc

= logtany = logc(1 — e%)

Or,

= tany = c(1 — e%¥)

(x3 +x? +x+1)d—y:2x2 +x;y=1whenx=0
dx
The given differential equation is:

(X3+X2+X+l)ﬂ:2x2+x

dx

dy 2x% +X
>——=—
dx (x3+x2+x+1)

2x% + X
=>dy=——+—<d
Y (x+l)(x2+l) *

Integrating both sides, we get:



Id _J' 2x% +X dx
x+1 X +1)
2x° +x A Bx+C
= + .
(x+1)(x2+1) x+1 x°+1
2x° +X Ax2+A—I—(Bx—|—C)(x—|—1)
= =
(x+1)(x2 +1) (x+1)(x2 +1)
=2x> +Xx=Ax"+A+Bx’> +Bx+Cx+C
=2x* +x=(A+B)x* +(B+C)x+(A+C)
Comparing the coefficients of x* and x, we get:
A+B=2
B+C=1
A+C=0
Solving these equations, we get:
2x% +X 11 1(3x-1)
- _. + —
(X+1)(X2+1) 2 (x+1) 2(x2—1)
Therefore, equation (1) becomes:

3x
Jay=3f qdx e 5[ o

Let )

1 3
A P o
2x
x> +1

:>y=%log(x+l)+%-j dx—%tan’lx+C

= y=%log(x+1)+%10g(x2 +1)—%tan_] x+C
1 1 _
=y =Z[210g(x +1)+3log(x2 +1)J—5tan 'x+C

1 2 3 1 -
:>y:Z|:(x+1) (x2+1) }—Etanlx+C ..(3)
Now, y =1 when x = 0.
zlzilog(l)—%tan’10+c

:>1:l><0—l><0+C
4 2

=C=1
Substituting C = 1 in equation (3), we get:

1 2 3 1 —
y:Z[log(x+1) (x2+1) ]—Etan "x+1

(1)



12.

12.

x(x2 —1)?=1;y=0when x=2
X

x(x2+1)%= 1

Separating variables,

dx
= dy T x(x2+1)
Or,
=>dy = dx

x(x+1)(x-1)
Integrating both sides,

dx .
=y =) e D
Now let,
1 A B c s
x(x+1)(x—-1) - x + x+1 + x—1 - ”)
1 _ A(x-1)(x+1)+B(x)(x—1)+C(x)(x+1)
x(x+1)(x—-1) x(x+1)(x—1)
Or
1 _ (A+B+C0)x2+(B—C)x—-A
x(x+1)(x—1) x(x+1)(x—1)
Now comparing the values of A,B,C
A+B+C =0
B-C =0
A=1

Solving these we will get that B = % and C = %

Now putting the values of A,B,C in ii)
. __r ity i1
= x(x+1)(x—1) —x + 2 (x+1) + 2 (x—l)

Now integrating it,

1 1 1 1 1
= Jay=-[Laves ] () etz ] (=) =
1 lcz(x - D(x+ 1)}
g 2
Now we are given that y = 0 when x = 2

1 [62(2 -2+ 1)}
0=x=log

>y=zlo

> — iiD)

4

=1 E;CZ—O

og =
Or,

3c? .
> — =

4
=3c? =4



13.

13.

14.

14.

Now putting the value of ¢? in — iii)

Then,

Ly = llog l4(x —D(x+ 1)}
2 3x?

>y = llog [—4062 _ 1)}
2 3x?

(d j aeR y=1when x =0
)
d

COS( Y

:>—_COS a
X

= dy=cos ' adx

Integrating both sides, we get:

J.dy =cos”' aIdx

=y=cos a-x+C

=y=xcos a+C (D)
Now, y = 1 when x = 0.

—=1=0-cos'a+C
=C=1

Substituting C = 1 in equation (1), we get:

y=xcos 'a+1

:)y—_l_COS a

ﬂ=ytanx;y=1whenx=0
dx

dy _

o = ytanx

Separating variables,
= dyy = tanx dx
Integrating both sides,
= f Y = [tanx dx

= log y = -log (cos x)+ log ¢



15.

15.

Or,
=logy =log (sec x) + log ¢
=log y =log c (sec x)
=y =c (sec X) -1)
Now we are given that y=1 when x=0
= 1=c(sec0)
= l=cx1
=>c=1
Putting the value of ¢ in 1)
= y =sec X

Find the equation of a curve passing through the point (0, 0) and whose differential

equation is y'=e€" sinx.

The differential equation of the curve is:

y'=e"sinx

= g—i =e*sinx

=dy=e"sinx

Integrating both sides, we get:

de:jex sin xdx ..(1)

Letl :J.ex sin xdx .

=I= siane"dx —J.(i(sinx) . J.exdedx
dx

= I[=sinx-e" —Icosx -e*dx

= I=sinx-¢e* —{cosx-jexdx —J‘(di(cosx)-jexdxjdx}

X
=I=sinx-¢" —[cosx-eX —J‘(—Sinx)-exde
=I=e"sin—e*cosx —1
= 2I=¢"(sinx —cosx)
¢ (sinx —cosx)

2
Substituting this value in equation (1), we get:

=1I=

e*(sinx —cosx)
y= : +C Q)

Now, the curve passes through point (0, 0).

10



e’ (sin0—cos0)

0=
2
:»0:1(0_1)+c
2
:C:l

2
Substituting ¢ :% in equation (2), we get:
e*(sinx —cosx)

_ WL
Y 2 2

=2y =e¢"(sinx —cosx)+1

=2y-1=¢"(sinx —cosx)

Hence, the required equation of the curve is 2y —1=¢" (sin X —COS x).

For the differential equation ij_y =(x +2)(y +2), find the solution curve passing
X

through the point (1, —1).

For this question, we need to find the particular solution at point(1,-1) for the given
differential equation.

Given differential equation is

:xy;l—z= (x+2)y+2)

Separating variables,
v dv = (x+2)dx
y+2 X

Or,

= (1—ﬁ)dy= (1+§)dx
Integrating both sides,
:>f(1—y2:)dy=f(1+§)dx

1 1
ﬁfdy—medyzfdx+2f;dx

=>y—2logly+2)=x+2logx+c

Now separating like terms on each side,
=>y—x—c=2logx + 2log(y + 2)

=y —x—c=logx?+log(y + 2)?

Or,

=y —x—c=log{x?(y + 2)?} )

Now we are given that, the curve passes through (1, -1)




17.

17.

18.

18.

-~ putting the values of x & y, to find the value of c.
= —1—1-c=log{1(—1+ 2)?}

= -2-c =log (1)
= c=-24+0 (~ log(1) =0)
Soc=-2

Putting the value of ¢ in
y —x —c=log{x*(y + 2)*}
y—x + 2 =log{x?(y + 2)%}

Find the equation of a curve passing through the point (0, —2) given that at any point
(O,—2) given that at any point on the curve, the product of the slope of its tangent and y-

coordinate of the point is equal to the x-coordinate of the point.

Let x and y be the x-coordinate and y-coordinate of the curve respectively. We know
that the slope of a tangent to the curve in the coordinate axis is given by the relation,
dy

dx
According to the given information, we get:

dy

=
= ydy = xdx

X

Integrating both sides, we get:
j ydy = jxdx

2 2

=22 .c
2 2
2 2
T = = ~..(1)
Now, the curve passes through point (0, —2).
S (22 -0%=2C
= 2C = 4 Substituting 2C = 4 in equation (1), we get:
v x>=4
This is the required equation of the curve.

At any point (X, y) of a curve, the slope of the tangent is twice the slope of the line
segment joining the point of contact to the point (—4, —3). Find the equation of the curve
given that it passes through (-2, 1).

We know that (x,y) is the point of contact of curve and its tangent.

slope(m1)for line joining (x,y) and (—4, —3) is E. —1)
Also we know that slope of tangent of a curve is Z—z.

12



19.

19.

=~ slope (m2) of tangent = j—z — ii)

Now, according to the question,
(m2) =2(ml)
dy _ 2(y+3)
E;-_ xX+4
Separating variables,

gy _ 2ax
y+3 x+4
Integrating both sides,
d dx
= y% =2[—
= log(y+3) = 2log(x+4) + log c
= log(y + 3) = logc(x + 4)?
=y +3=c(x+4)> — iii)
Now, this equation passes thorough the point (-2,1).
=>1+3=c(—2+4)?
=>4 =4c
=>c=1
Substitute the value of c in iii)
>y+3=(x+4)>2

The volume of spherical balloon being inflated changes at a constant rate. If initially its
radius is 3 units and after 3 seconds it is 6 units. Find the radius of balloon after t
seconds.

Let the rate of change of the volume of the balloon be k (where k is a constant).

LY o B Volume of sphere = 4o
dt\ 3 3

3 dt
= 4m’dr =kdt
Integrating both sides, we get:
4r[rdr =k [dt

r3
=4n- ? =kt+C

= 4nr’ =3(kt +C) (1)
Now, att=0,r=3:
=4nx33=3(kx0+C)

= 108n =3C
13



20.

20.

= C=36mn

Att=3,r=6:

>4 x6°=3(kx3+C)

= 864n =3 (3k + 36m)

= 3k =-288n—36m =252

=k =284n

Substituting the values of k and C in equation (1), we get:
4nr’ = 3[847:‘[ + 36n]

= 4nr’ = 475(63‘[ + 27)

=1’ =63t+27

1= (63t+27)

1
Thus, the radius of the balloon after t seconds is (63t + 27)5.

In a bank, principal increases continuously at the rate of 1% per year. Find the value of r
if Rs 100 doubles itself in 10 years (loge 2 = 0.6931).
let t be time
p be principal
r be rate of interest
according the information principal increases at the rate of 1% per year.
dp r
= (ﬁ) p
Separating variables,
dp r
= ? = (1—00) dt
Integrating both sides,

d r
Lo [a
p 100
1 "ok
= =—
°6P =700
rt
= p = el00*¥ — )
Given that t=0, p=100.
=100 = ek —ii)
Now, if t = 10, then p = 2x100 =200

So,
Tk
= 200 = eT0"
Tt
= 200 = eT0.e¥
rt
= 200 = e10 x 100 fromii)
T
= el0 =2
14



21.

21.

22.

22.

" log2
= — =
10 °8

=>7r =693
Soris 6.93%.

In a bank, principal increases continuously at the rate of 5% per year. An amount of Rs
1000 is deposited with this bank, how much will it worth after 10 years (e** =1.648).

Let p and t be the principal and time respectively.
It is given that the principal increases continuously at the rate of 5% per year.

(i)
=>—=|—|p
dt (100

do_»p

dt 20
_dp_dt
p 20
Integrating both sides, we get:

dp_i
I?_20 at

t
:logp:%+c

Lic
=>p=¢” ...(1)
Now, when t =0, p = 1000.
= 1000 = e* ...(2)
At t= 10, equation (1) becomes:
by e%c
—p= &5 x
= p=1.648x1000
—p=1648
Hence, after 10 years the amount will worth Rs 1648.

In a culture, the bacteria count is 1,00,000. The number is increased by 10% in 2 hours.
In how many hours will the count reach 2,00,000, if the rate of growth of bacteria is
proportional to the number present?

let y be the number of bacteria at any instant t.

Given that the rate of growth of bacteria is proportional to the number present

ay
So— X
ac &Y

15



23.

dy ,
= P ky (kis aconstant)

Separating variables,

=Y _ kdt
dt

Integrating both sides,
ﬁf%Zkfﬂ

= log y = kt+c -1)

Let y’ be the number of bacteria at t=0.

=logy’ =c¢

Substituting the value of ¢ in i)

= logy=kt+logy’

= log y- log y’=kt

ﬁk@%zkt — i)

Also, given that number of bacteria increases by 10% in 2 hours.

110 ,
=YV =707
11
SXo— i
y' 10

Substituting this value in ii)
11
=2kX2= logﬁ
11

1
>k = Elogl—0

So, ii) becomes

= llogE Xt =logZ
2 10 y!

Y

yl

a1

%810

2log

=>t= —iv)

Now, let the time when number of bacteria increase from 100000 to 200000 be t’.

>y=2y"att=1t
So from iv)
Zlogl,
St = =
Og10 OgIO

So bacteria increases from 100000 to 200000 in 2110—%12 hours.
Ogﬁ

The general solution of the differential equation Ay _ vy is

dx
(@) e*+e¥=C (b) e* +¢¥ =C

16



e | R T e | T e T | R e | R T | R T e | R R

A

AR AR AR AR

rNN rx-.«_. S

AN Nt

() e*+e¥=C (d) ex+e¥=C
23, W _ev g

=e¢ dy=¢"dx
Integrating both sides, we get:
_[ eVdy= I e“dx

=-—-e’=¢"+k

=e" +e’ =—-k
=e*+e’ =c¢ (C=—k)

Hence, the correct answer is A.

17
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